ABSTRACT: The question if bone tracer uptake in SPECT/CT reflects the intraoperative cartilage status of the knee is still unanswered. In this study, thirty-three consecutive patients (male:female ¼ 11:22; mean age AE standard deviation 61 AE 15) with bi-or tri-compartmental knee osteoarthritis who underwent SPECT/CT before total knee arthroplasty (TKA) were collected. The knee was graded in eleven different anatomical regions. In each region, the maximal relative bone tracer uptake (mrBTU) was measured twice by two observers with a six weeks interval. The intraclass correlation coefficients (ICC) showed excellent correlations and mean values were used. Intraoperatively every region was assessed with the macroscopic International Cartilage Repair Society (ICRS) scoring. A factorial analysis and a non-parametrical Spearman's correlation were calculated among the 11 knee regions on both mrBTU and ICRS scores and significant correlations were seen between regions belonging to the same knee compartment (p < 0.05). A non-parametrical Spearman's correlation was also performed to investigate the correlation between rmBTU in SPECT/CT and intraoperative ICRS cartilage grading. Significant correlations were seen on the medial compartment, on the proximal femoral trochlea and on the medial patellar facet (p < 0.05). A significant correlation between SPECT/CT and intraoperative findings was so demonstrated in several regions. The low accuracy of the macroscopic ICRS scoring system on grade I-II lesions could have affected the missing correlations on the lateral compartment since the selected presented mainly a varus gonarthrosis. The use of an objective measure as the rmBTU could overcome the limit of the subjectivity of MRI findings in early osteoarthritis. ß 2018 Orthopaedic Research Society. Published by Wiley Periodicals, Inc. J Orthop Res 37:522-528, 2019.
Single-photon emission computed tomography together with computed tomography (SPECT/CT) is increasingly gaining importance for assessment of bony pathologies including cartilage lesions and osteoarthritis (OA) of the lower extremity. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] The first line imaging for knee OA still is standardized weight-bearing radiographs (anteroposterior, lateral, and patellar sunrise view). These are worldwide commonly available. 12 Although radiographs allow assessment of mechanical and anatomical leg alignment on weight-bearing images, a low sensitivity for detection of focal cartilage lesions and OA in its early stages has been reported. 8 Magnetic resonance imaging (MRI) as secondary line imaging is able to clearly visualize subchondral bone marrow edema, cartilage, and meniscus lesions. 9, 13 The clinical relevance of bone marrow edema for detection of early OA is however still under debate. 9 More recently SPECT/CT has been used in several studies dealing with cartilage lesions and OA. 7, 9 It is also a valuable complement to radiographs and MRI in cases of OA and painful total knee and hip arthroplasty. 1, 4, 5, 9, 14 It is a pertinent question if radiological findings and OA status correlate. Only a moderate correlation was found between OA signs on conventional radiographs assessed with the Kellgren-Lawrence, Ahlback, and Brandt grading scales and arthroscopic findings measured with the Noyes classification. 15 Superior results were found when MRI with specific cartilage sequences were used. 16 A good sensitivity for grades III and IV, a moderate sensitivity for grade II and a poor sensitivity for grade I cartilage lesions were reported (Outerbridge classification). 16 To date, not a single study has investigated the correlation of BTU in SPECT/CT and intraoperative findings in TKA. The question if SPECT/ CT is able to identify OA at earlier stages is still unanswered.
The purpose of this study was to investigate the correlation between the preoperative relative maximal BTU values (rmBTU) in SPECT/CT and intraoperative findings of chondral lesions graded according to the International Cartilage repair society (ICRS) classification system in patients undergoing total knee arthroplasty (TKA). It was the hypothesis that BTU in SPECT/CT well reflects macroscopic cartilage lesions in TKA.
METHODS
Level of Evidence II Thirty-three consecutive patients (male:female ¼ 11:22; mean age AE standard deviation ¼ 61 AE 15; right:left ¼ 20:13) who underwent TKA from 2009 to 2012 in an university affiliated hospital were included in this study. The indication for TKA were persistent chronic knee pain >6 months, which did not 17 For SPECT/CT each patient received a commercial 700 MBq (18.92 mCi) 99m-Tc-HDP injection (Malinckrodt, Wollerau, Switzerland). SPECT/CT was performed using a hybrid system (Symbia T16, Siemens, Erlangen, Germany), which consists of a pair of low-energy, high resolution collimators and a dual-head gamma camera with an integrated 16-slice CT scanner (collimation of 16 Â 0.75 mm) (Fig. 1) . Planar scintigraphic images were taken in the perfusion, in the soft tissue and in the delayed metabolic phase. SPECT/CT was performed with a matrix size of 128 Â 128, an angle step of 32, and a time per frame of 25 s 2 h after injection.
According to a localization scheme, the BTU was referred to 11 different anatomical knee regions (Fig. 2) . Absolute maximum BTU values were calculated on each anatomical area using a customized software (IntroSPECTß v2.0, OrthoImagingSolutions, London, UK). In each area the rmBTU was calculated in relation to the BTU of the diaphysis of the femur, which was considered as normal background BTU. One experienced musculoskeletal radiologist and nuclear medicine physician carried out all measurements twice with a 6-weeks interval between measurements. For each region, means of the rmBTU values of the two series of measurements were used. The measurement method was previously validated and has proven a near perfect inter-and intra-observer reliability. 18 At TKA, the OA status for each anatomical region was graded according to the ICRS by one operating surgical team as a consensus rating (Fig. 2) . 19 Ethical approval was obtained from the local ethical committee. Informed consent was obtained from all individual participants included in the study. All procedures performed in studies involving human participants were in accordance with the ethical standards of the institutional and/or national research committee and with the 1964 Helsinki declaration and its later amendments or comparable ethical standards.
Statistical Analysis
A factorial analysis was performed separately on rmBTU values and ICRS scores to define anatomical regions that could be analyzed together. To check for intra-observer reliability, single measures intraclass correlation coefficients (ICC) were calculated between rmBTU measurements in each region. Mean values of the two measurements were used for the following analysis. The reliability of the measures was proved with the Cronbach's alpha test.
Due to mild violations of the normality assumption, the non-parametric Spearman's correlation was performed on rmBTU values and ICRS scoring for each anatomical region. A post hoc power analysis, conducted with G Ã Power 3.1.9, showed, that for 33 patients and a two-sided hypothesis, absolute Spearman correlation coefficients of rho ! 0.35 are significant with p < 0.05. Therefore, an absolute rho ! 0.45 could be found with a power of 80%. The level of statistical significance was p < 0.05. All data were analyzed by an independent professional statistician using SPSS TM for Windows 24 (Armonk, NY: IBM Corp).
RESULTS
The factorial analysis performed separately on rmBTU and ICRS scores showed that anatomical regions belonging to the same knee compartment (medial, lateral, patellofemoral) highly correlated with each other and hence could be analyzed together (Table 1) .
Means and standard deviations of the two series of rmBTU measurements on SPECT/CT images are reported in Table 2 . An excellent reliability was shown ( Table 2 ). The medial compartment showed the high- The excellent scale reliability of the three anatomical components is shown using Cronbach's Alpha testing.
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est rmBTU scores followed by the patello-femoral and lateral compartment ( Table 2 ). The Spearman's correlations performed on rmBTU values of regions belonging to the same knee compartment showed highly significant correlations (p < 0.001) ( Table 3 , p < 0.05). The intraoperative findings of chondral lesions graded according to the IRCS and localized according to the localization scheme (Fig. 2) are presented in Table 4 . A high inter-and intra-observer reliability was seen (Table 4 ). The medial compartment showed the highest ICRS mean scores followed by the lateral and patellofemoral compartment ( Table 4 ). The Spearman's correlations calculated on ICRS scores of regions belonging to the same knee compartment showed significant correlations between every compartment ( Table 5) .
The Spearman's correlation performed on each anatomical region between rmBTU and IRCS scores is presented in Table 6 . Highly significant correlations were seen between the medial femoral condyle and the central and anterior part of the medial tibial plateau (Table 6 ) (p < 0.001). Significant correlations were seen for the proximal femoral trochlea and the medial patellar facet (p < 0.05). The lateral compartment showed no significant correlations (p < 0.05).
DISCUSSION
The most important finding of the present study was that BTU in SPECT/CT significantly correlated with the intraoperative macroscopic cartilage status (ICRS). Based on this finding, the use of SPECT/CT is a reliable complement in the diagnosis of OA. Currently, the diagnosis of OA is based on weight bearing radiographs, which are known to significantly underscore the severity of chondral lesions (ICRS grade I-III). MRI as second line imaging is reported not to consistently correlate with patient's symptoms and/or with surgical findings. 8, 20 In such cases, the value of SPECT/CT has been well established. 7, 20 Buck et al. reported a higher sensitivity of an increased BTU in SPECT/CT than the presence of bone marrow edema in MRI in patients with chronic medial knee pain. 20 In his study, all patients with bone marrow edema had an increased BTU and vice versa. However, almost one out of ten patients with chronic knee pain showed an increased BTU without bone marrow edema. 20 Low-grade chondral lesions (ICRS grade I and II) appear to be particularly challenging to identify on MRI images. A poor sensitivity for ICRS grade I (9.1-20%) and ICRS grade II (48.6-50%) knee chondral lesions were reported. 21, 22 In a recent meta-analysis of Zhang et al. MRI images were seen to have an overall 75% sensitivity and a 94% specificity in diagnosing knee chondral lesions when compared with arthroscopic findings graded accorded to the ICRS. 23 A major concern and limitation of classifying cartilage lesions on MRI is the subjectivity and variability of measurements such as 
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T2 mapping, which might be different dependent from the system used and the individual observer. 24 SPECT/CT on the contrary, measures the intensity and distribution of the bone tracer (BTU), an objective measure which is at least not observer dependent. 24 The dependency on the system used has not been investigate yet.
The medial knee compartment presented the most severe chondral lesions according to both, the rmBTU and ICRS scores. This was an expectable finding since most of patients presented with a preoperative varus aligned leg. A discrepancy in the severity grading of the chondral lesions was seen in the other two knee compartments. While in SPECT-CT the patellofemoral compartment appeared to be more damaged than the lateral compartment, the intraoperative ICRS scores showed the contrary. In a recent non in-vivo study of Kok et al. on goats, a poor correlation between the macroscopically assessed ICRS score and the histological findings of chondral lesions was demonstrated. 25 On the other side, the rmBTU, being an objective and reproducible measure is expected to be more accurate. Even if the study of Kok et al. has several limitations, it could be speculated that, since almost only ICRS grade I and II chondral lesions were present in the lateral and patellofemoral compartments, the low accuracy of the macroscopic ICRS scoring system for such lesions could have reduced the correlations between rmBTU and ICRS scores in these compartments.
The choice to use mrBTU values instead of mean related BTU values was due to the fact that mrBTU values allow a direct comparability between SPECT/ CT images of different patients and compensate for inter-and intra-patient variability. Maximal relative BTU values are highly reproducible and do not depend from the volume and location of the region of interest. 24, 26, 27 In this study mrBTUs showed excellent ICC scores and should be used as standard for further studies concerning the comparison of the BTU distribution and intensity on SPECT/CT of different patients. 24, 27 The second important finding of the present study was that the factorial analysis proved a clinical and radiological significant correlation among regions belonging to the same knee compartment. Regions belonging to the same knee compartment are in a close biomechanical relation with each other's and consequently, the correlations seen between the rmBTU scores inside the same knee compartment are in accordance with the actual literature. 5, 8 Despite the promising results of the SPECT/CT imaging in the orthopaedics the costs could discourage its routinely use. A recent study of Van den Wyngaert showed, however, that considering the whole costs of a patient, from the diagnosis to the therapy, SPECT-CT in painful TKAs was more cost-effective than the more common CT and MARS-MRI. 28 For primary osteoarthritis of the knee X-ray and MRI are still the most commonly used imaging modalities, nevertheless, based on the findings of this study, SPETC/CT could better identify low-grade chondral lesions leading to an optimized treatment strategy. However, the cost efficacy has only been assessed in the context of painful knee arthroplasty. 28 Some limitations have to be acknowledged. This study is a retrospective analysis of prospectively collected data of a limited number of patients. A selection bias of the sample is possible, since only patients undergoing TKA were selected for this study. This means, that all patients had at least a bicompartmental symptomatic OA. However, this is a consecutive series, which limit the effects of selection bias. 
